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Modeling and energy simulation of the variable refrigerant flow system with water-cooled condenser 
was investigated by Li et al. [4] through energy simulation code Energy Plus. Besides, comparison of 
energy efficiency between variable refrigerant flow systems and ground source heat pump systems was 
also studied comprehensively [5]. Furthermore, Hydeman et al. [6] developed a modified chiller model 
which can be applied to evaluate the VSD chiller under different condenser water flow operation. 
Furthermore, Hartman [7] also highlighted the all variable speed chiller plants which chiller, condenser 
pumps and cooling tower fans were driven by VSD to achieve the highest energy performance especially 
at partial load conditions.   
2. System description and variable speed driven approach 
The schematic diagram of chillers plant with dual supply temperature of the HAVC system in this 
building is shown in Fig. 1. There are seven centrifugal chillers (one for back up unit) which supply water 
temperature is 6 oC (CH6) with each capacity of 1360 refrigeration tons. Besides, there are five centrifugal 
chillers with each capacity of 1500 refrigeration tons which serves the demand of process cooling water 
(PCW), dry cooling coil (DCC) and compressed dry air (CDA) systems. There are eight cooling towers 
with the specification of flow rate 23,846 liter/min and power consumption of 94 kW for fan. There are 
five chilled water pumps with flow rate of 20,595 liter per minute (LPM), head of 526 m and power 
consumption of 225 kW in the secondary CH6 chiller water system. Four CHPs with specification of flow 
rate 21,005 LPM, head 496 m and power 188 kW are equipped in the secondary CH12 system. There are 
7 primary CHPs (11,442 LPM x 154m x 37.5 kW) and 5 primary CHPs (12,619 LPM x 154m x 37.5 kW).  
Fig. 2 depicts the operation hours of partial load percentage for the chillers plant with CH6 and CHR 
systems in one year. Most of chillers operate at 70 to 80% of full load and the majority of operation hours 
for the CH12 system are 60 to 70% of full load for CH6 system respectively. It reveals energy-saving 
potential to conduct the variable speed driven (VSD) approach because the energy performance of partial 
load chiller is lower than that of full load condition. The power consumption can be reduced substantially 
by VSD pumping of primary chiller water pumps (CHPs) and cooling water pumps (CWPs) as well.  
The schematic diagrams of the VSD approach for CHPs and CWPs are shown in Fig. 3. Inverters were 
installed to each primary CHP along with a flow meter and a programmable logic controller (PLC). The 
optimization function is to minimize the chiller water flow rate from common line (decoupling pipe) 
between primary and secondary chilled water system as shown in Fig. 3(a). As the cooling load demand 
decreases, the flow rate through the common pipe increases accordingly. It will result in lower flow rate 
than the set point and affect the temperature difference of chillers. Furthermore, the energy-saving 
approach can be achieved by implementing VSD approach of cooling water pumps (CWPs) is presented 
in Fig. 3(b). To obtain the reliable measurement data for energy-saving analysis, a very sophisticated 
system of supervisory control and data acquisition (SCADA) system was employed to conduct the data 
acquisition form the entire HVAC system. 
Fig. 1  Schematic diagram of chillers plant with dual supply temperature 
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